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Discovery of an X-ray source
coincident with the

soft y-ray repeater 0525- 66

R. E. Rothschild*, S. R. Kulkarnl?

& R. E. Llngenfelter*

* Center for Astrophysics and Space Sciences 0111,
University of California, San Diego, La Jolla,
California 92093--011:1., USA
t Division of Physics, Mathematics and Astronomy 105-24, California
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ALTHOUGH ,/-ray bursters (GRBs) have been known for more than

20 years, no source has ever been identified in its quiescent state,

which might provide clues to its nature. On the other hand, t3vo
of the three known soft `/-ray repeaters (SGRs), which emit inter-

mittent bursts of soft "/-rays, seem to be associated with supernova

remnants t'2, and the recent identification of X-rays from one of

these, SGRI806- 20, supports the suggestion that a pulsar inside
the remnant is the source of the "/-rays 3-s. Here we report X-ray

observations of SGR0525 - 66, which has been associated previ-

ously with the supernova remnant N49 (ref. 1). We identify point-
llke emission from a source coincident with SGR0525 - 66, which

suggests that it too is a pulsar. The pulsar seems to be only about

5,000 years old and has a high transverse velocity of about

1,200 km s -t, and we predict that the plerion (the region of radio
synchrotron emission surrounding the pulsar) will be between 0.1

and 0.3 arcsee across. A high birth velocity has been estimated for

the pulsar associated with SGR 1806 - 20 also 4, and this character-

istic may be related to the reason why only a very few pulsars
become SGRs.

The smallest v-ray-burst error box is that for the 5 March

1979 event from the repeating burst source SGR0525-66 (ref,
6). Until recently this 0.09 arcmin 2 region was unique in that it

overlapped the 2 arcmin: supernova remnant N49 in the Large

Magellanic Cloud _. Murakami et al. report _ that SGRlS06-20

is also coincident with a supernova remnant, GI0.0-0.3. Previ-

ous observations of N49 have reported a region of excess emis-
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FIG. 1 a, Rosat High Resolution Imager smoothed contour plot of the
supernova remnant N49 in the Large Magellanie Cloud. The point
source at RA (J2000) 5 h 26 rain 0.7 s and dec (J2000) - 66 '_04' 35"
is coincident with the error box (six-sided polygon) for SGR0525-66
which is the site of the 5 March 1979 ?'-ray burst. Twenty, equally

spaced, contour intervals are displayed, ranging from 0.72 to 14.60
smoothed counts arcsec -_. b, False.colour image of N49 from which
the contours of a are derived. This represents _20,000 s of livetime to
the source.
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sion, possibly point-like, within the nebula and consistent widl

the ?`-ray-burst error box ?. The satellite observations from Rosat

of N49 over 3.5 days (beginning 17 March 1992) with the High

Resolution lmager (HRI) yielded just over 20,000 s of livedme

on the source• The resultant image contains 1.67±0.014 × 10 _

net counts in the 0.1-2.4 keV band for an average counting rate

from N49 of 8.04 ± 0.07 x10 -_ countss-L Tile image was

smood_ed using the PROS/IRAF software package, resulting in
the contours and false-colour image shown in Fig. la and b

respectively. A point-like source of excess emission is clearly seen
in the northern portion of the remnant, as well as a broad,

structured feature to the southeast• This morphology is consist-

ent with that seen by HR[ on the Einstein satellite 13 yr earlier_•
The Interplanetary Network y-ray error box for the intense 5

March 1979 )'-ray burst 6, shown in Fig. la (six-sided polygon),
is consistent with the northern hotspot in N49. The emission
from this hotspot is centered at right ascension (RA) 02000)

5 h 26 rain 0.7 s and declination (dec.) (J2000) -66 ° 04' 35" with

an uncertainty of -10" in radius. The excess counting rate from

the hotspot is 1.51 4-0.13 × 10 -2 counts s -_ above that from an
annulus of 5" inner radius and 10" outer radius centred on it.

This represents ~2% of the remnam's 0.1-2:4 keV emission.
A radial profile centred on the hotspot was generated out to

10" with background selected from the next 5" in the radial
direction. The resulting profile is shown in Fig. 2, along with a

fit to a point-like radial gaussian response function plus a con-

stant term representing any unsubtracted nebular emission. The
fitted width of the response, o'=3.19"4- 1.57" is consistent with

the combined point spread function of the Rosat telescope and

the HRI of 2.12", and, thus, the spatial distribution of counts in

the hotspot is indeed consistent with a point source of emission.

A spectral form is necessary to estimate the flux from the
point source• Because no spectral information is available from

the Rosat HRI, we assume a neutral hydrogen column density
of 5 x 1020 atoms cm -2 along the line of sight 9, and we estimate _°

the energy-to-counts conversion factor (ECF) to be 7.5 x 10-:
counts s-I/(10 -tl erg cm--" s -t) based upon a Crab-like pulsar
with energy index of 1, and to be 6x10-'- counts s-*/

(10 -_tergcm-2s -t) for a black body with a temperature of

~2 x 10 _ K appropriate for a 5 x 103.yr.old neutron star _t. The
Crab ECF results in a flux estimate of

~2.0 x 10 -_: ergs cm -2 s -_, whereas that for the black body is

~2.5 x 10 -_: ergs cm-: s-t. At the distance of the Large Magel-

lanic Cloud (55 kpc) t', the luminosity is _7 x 10 _-_erg s -_ for the
power law and ~9 x 10 -_serg s-t for the black body.

We have looked carefully at the optical emission in the vicinity

of the point source, and although there is [O 21], Ha, and 6,100-

A continuum emission in this region, the emission is faint and

diffuse with no bright object coincident with the X-ray hotspot.

A comparison with [Fe xzv] 5,303-._ observations _ yields a

similar conclusion. The brightest X-ray emission regions to the

southeast, on the other hand, correlate quite well with the bright-

est [Fe xlv] regions. The absence of such a strong correlation

near the point source is, perhaps, the best observational evidence
for a non-nebular origin for the majority of the point source X-

ray flux. Using star 3 of a previous optical investigation of the
SGR0525 - 66 error box _4 for comparison, we estimate an upper

limit to the brightness of an optical point source to be

my~20 mag.
If we assume that the point-like source coincident with the

N49 nebula is indeed a neutron star born in the supernova event,

as also appears to be the case in SGR1806-20, its -25" offset

from the centre of the remnant implies a transverse velocity of

up~ 1,200 km s -_, given the age t=5.4 x 103 year (ref. 15). Only

3% of the pulsar population have velocities exceeding

500 km s -t, and the highest measured t6 velocity is 10 -_km s-j.

Calculations for the cooling of neutron stars _ predict that
after 5 × 103 yr the temperature will be 1-3 x 106 K and the bolo-

metric luminosity will be in the range 2-50 × l0 n erg s -_. The

present observations imply an X-ray luminosity (0.1-2.4 keV)
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FIG. 2 Radial profile (data points) of the background-subtracted hospot
emission in N49 coincident with the T-ray-burst error box, The back-
ground used was taken immediately surrounding the hotspot. The best-
fit value of the width of the radial gaussian _ = 3,19" + 1,57" (Z 2.= 0.71
for v=7 degrees of freedom) is consistent with the point source
response value of 2,12'% This best fit to the profile is given as the solid
line.

of the order of 1036ergs -t. As the 0.1-2.4 keV flux for this
temperature black body represents essentially the whole bolo-

metric luminosity, a source of heating, such as ?,-ray bursts or

subsequent accretion, is required to account for the higher lum-

inosity for the case of a black-body spectrum.
The existence of a non-thermal nebula, GI0.0-0.3, around

SGRI806-20 (ref. 4) indicates that soft y-ray repeaters are also

sources of high-energy particles and magnetic fields. Unlike most

supernova remnants, G10.0-0.3 is centre filled and not a shell.

The surface brightness increases towards the centre where

quiescent X-ray emission has been detected by the ASCA

satellite 5. Two classes of neutron star systems have similar

unusual radio nebulae: radio pulsars, such as the Crab nebula,

and a rare type of luminous accreting X-ray binaries, (such as

SS433 embedded in the nebula W50, and Cir X-1 (ref. 17)).

Our observations of SGR0525- 66 can be interpreted in the

context of these two possibilities for SGR 1806- 20. The persist-

ent X-ray luminosity of the two are comparable. Because the
line-of-sight extinction to the Large Magellanic Cloud is very

low, unlike that to SGR 1806-20, constraints on the model can

be particularly strong. The absence of a bright optical star, as

well as the persistent flux observed from SGR0525-66 being

several orders of magnitude smaller than that of SS433 or Cir

X-l, does not favour the model of an X-ray binary within a
nebula. In the pulsar model, the X-ray point source can be inter-

preted as a compact synchrotron nebula, or a so-called plerion.
A number of such supernova remnants with a plerion embedded

within the shell exist in our Galaxy _. Assuming, as in other

plerions, an efficiency q _ 10-'-0-2, where r/_., is the efficiency

in units of 10 -2, for the conversion of spin-down luminosity (_/')
• • " 2 4 37 -1
into X-rays, we can refer E_B_z/P _7 x 10 ergs , whereBj2

is the surface dipole field strength in units of 10_2G and P is

the rotational period in seconds. Here we assume the simple

magnetic dipole spin-down model for pulsars and r/_, _ 1-3 for
• 19 • 2

the known plenons . The same model y,elds l_/B_2.=(t/
17 x l0 s yr). From these two relations and our assumed E and

t, we find Bt.,= 3qL',-" and P=45rIL_ ms.

An 8.0-s periodicity was found 2° in the emission after the peak

in the 5 March 1979 burst, and a 23-ms quasi-periodic oscillation

was reported "_ during the peak of that burst. An 8.0-s rotation

period would require an efficiency 7/_., >>1 ; however, the 23-ms

period, ifconfirmed, would be quite consistent with the proposed

model, giving 17_,---0.26 and B_.,= 1.5.
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Our hypothesis is testable. The radius of the plerion (r) is

determined by the balance between the ambient pressure and
the momentum flux of the pulsar's relativistic wind, E/41rr'-c,

where c is the velocity of light. The ambient pressure is taken

to be the larger of the two possibilities: the mean pressure in
the supernova remnant (p_nomHv_h), or the ram pressure due

to the motion of the pulsar close to the edge of the supernova

remnant (p~4nom_v_,). Here u_h=700 km s -_ is the blast wave
speed, no = 1 atom cm -_, the density of the medium into which

the supernova remnant is expanding t5 and mH is the mass of a

hydrogen atom. We predict the plerion to have a size between

0.1 arcsec (if ram pressure dominates) and 0.3 arcsec (if the

mean pressure in the supernova remnant dominates). In the for-

mer (likely) case, the plerion should be distinctly cometary

whereas for the latter a spherical plerion is expected. It appears

to us that sensitive high-resolution radio imaging of this region
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